H epatitis C virus (HCV) infection is the most prevalent blood-borne disease in the United States, affecting approximately 2% of the U.S. population. 1 Despite current limitations of available therapy, [2] [3] [4] [5] antiviral treatment represents the only means of preventing serious HCV-associated liver disease. Studies in various patient populations-including patients referred to an urban hepatology clinic, primary care patients in Rochester, Minn, and HCV-positive veterans-have suggested that 73% to 87% of patients presenting with confirmed HCV infection go untreated, markedly reducing the true impact of interferon (IFN)-based therapy (which has $ 50% success rate in clinical trial populations and a far lower success rate in other groups). [6] [7] [8] Explanations offered for these low treatment rates have included patient preference, medical and psychiatric comorbidity, and recent substance abuse. However, recent feasibility studies in active injection drug users, mentally ill patients, prisoners, and participants in methadone maintenance programs have demonstrated that treatment can be successful in patients once considered too difficult to treat. [9] [10] [11] [12] Based on these findings, the most recent National Institutes of Health (NIH) guidelines for the management of HCV infection now advocate for an inclusive approach to treatment, urging that efforts be made to increase the availability of the best current treatment for patients who have traditionally been ineligible for clinical trials. 13 Thus, identifying and working to overcome barriers to HCV treatment have become important goals in approaching the HCV epidemic. We undertook a cross-sectional study of all patients cared for at an urban community health center with a positive HCV serology and a positive HCV viral load. The goals of our study were to: (a) describe the characteristics of our HCV-infected population; (b) define the proportion of this population that has undergone antiviral treatment; and (c) identify in detail the barriers to treatment. We hypothesized that barriers to treatment would include patient factors (such as patient preference, comorbidities, and follow-up), provider factors (such as providers' perceptions of contraindications to treatment), and system factors (such as type of insurance coverage and communication with specialists). The overarching goal of our study was to identify potentially modifiable barriers as targets for future interventions to increase the applicability, and thus the net effectiveness, of antiviral treatment.
METHODS

Setting
This study was undertaken at the Massachusetts General Hospital (MGH) Revere HealthCare Center, an urban community health center in Revere, MA, affiliated with MGH. Revere (population 47,283) is located in a Health Professionals Shortage Area for primary care 5 miles north of Boston, Mass. More than 26% of Revere residents live below 200% of the federal poverty level. According to 2000 census data, 83% of the residents were white, 9% Latino, 5% Asian, and 3% African American. Physicians at the health center rely exclusively on an electronic medical record (EMR) for patient care.
Patients
We retrospectively created a HCV registry for all patients with at least 1 encounter (physician or nurse visit, laboratory test, or radiology examination) at the health center between December of 2001 and April of 2004 who had a positive anti-HCV  antibody test (N =412) . From this initial list, we used EMR review and individual meetings with each of the health center's primary care providers to identify the subset of patients under the care of a primary care provider at the health center at some point during the study period (with at least 1 primary care visit during that time; N =259). After excluding patients with negative HCV viral load, our analytic cohort consisted of 208 primary care patients with active HCV infection.
Data Collection
We performed electronic queries to define demographic characteristics and determine comorbid conditions, clinic visit type and frequency, and laboratory values relevant to HCV infection (HCV viral load, alanine aminotransferase [ALT] level, and HCV genotype). For each patient, we collected the last measured laboratory results at the time of treatment status determination. Detailed information about medical and psychiatric history, social and substance abuse history, treatment status, and contact with providers at the health center was obtained from manual structured chart abstraction and review of all written notes in the EMR for the time period between December 2001 and April 2004. Medical comorbidity was quantified using a version of the Charlson Comorbidity Index, in which 1 to 6 points are assigned for each of 17 diagnosis categories covering most major chronic diseases (e.g., coronary artery disease, diabetes, renal failure, chronic liver disease, malignancy, AIDS, and others).
14 For the 151 patients who had not received treatment for their HCV infection, the providers' opinions of why they had not been treated were deduced from clinic notes. For 98 of these 151 patients, we confirmed or revised our determination of the provider's opinion based on a 1-on-1 interview with the provider. This study was approved by the MGH Institutional Review Board.
Statistical Methods
In this cross-sectional analysis, treated patients were compared with untreated patients. Continuous variables were compared using t tests if normally distributed and the Wilcoxon rank sum if non-normal. Categorical variables were compared using w 2 tests. Demographic and clinical variables that were significant based on univariate analyses were subsequently entered into stepwise logistic regression models with backward elimination to determine adjusted odds ratios (aORs) of HCV treatment. Gender was also included in the multivariate analysis because of its importance as a variable. All analyses were performed using SAS (SAS version 8.0, SAS Institute, Cary, NC). P values of less than .05 were considered statistically significant.
RESULTS
Characteristics of the Study Cohort
We identified 259 patients with a positive HCV serology under the care of a primary care physician (PCP) at the MGH Revere HealthCare Center between December 2001 and April of 2004. Of these, 208 patients also had a positive HCV viral load and were studied further. As shown in Table 1 , the viremic patients had a mean age of 47.6 years (standard deviation [SD] AE 9.7). The majority (78.9%) were white, 63.5% were unmarried, and 55.8% were male; the most significant minority group in the cohort were Asian Americans (10.1%), most of whom were part of the Cambodian refugee community in Revere. Many members of the cohort were disadvantaged: 57.7% were unemployed, 60.1% lacked private health insurance, 15.4% had a history of methadone treatment for opioid addiction, and 5.8% had a history of incarceration. We found a relatively low level of medical comorbidity (mean Charlson comorbidity score =1.42), although 6.3% of participants were coinfected with either hepatitis B virus (HBV) or human immunodeficiency virus (HIV). Major psychiatric disease (defined as treated depression, bipolar disorder, anxiety, schizophrenia, or posttraumatic stress disorder) was present in over half of the cohort (55.3%). The mean HCV viral load was 329,224 IU/mL (SD AE 429,968), and the mean ALT value was 67.1 U/L (SD AE 68.7). For the 67 patients (32.2% of cohort) with HCV genotype results, 59.7% were infected with HCV genotype 1.
Univariate Analysis of Treated Versus Untreated Patients
Of the 208 subjects, 128 (61.5%) were referred to a treating specialist, but only 57 (27.4%) had undergone HCV treatment. Table 1 compares the characteristics of treated and untreated patients. Treated patients were significantly more likely than untreated patients to be married (54.4% vs 29.8%, P =.001) and less likely to have a major psychiatric disorder (42.1% vs 60.3%, P =.02). There were no significant differences in age, gender, racial composition, employment status, type of insurance, HIV or HBV status, or history of incarceration or methadone maintenance between treated and untreated patients. Compared with treated patients, untreated patients had a significantly higher mean HCV viral load (426,646 vs 144,359 IU/ mL, Po.0001) and a significantly higher mean ALT value (72.7 vs 52.0 IU/L, P =.05), although the number in each group with HCV genotype 1 infection did not differ.
Current and past substance abuse was significantly more frequent among untreated patients than among treated patients (Fig. 1) . Nearly one quarter (23.8%) of untreated patients were currently abusing alcohol, compared with 5.3% of treated patients (P =.002). There was a similar 44-fold difference between treated and untreated patients in the proportion of patients currently abusing drugs other than alcohol (P =.03). Past alcohol or drug abuse was common among both treated and untreated patients, although only past non-alcohol drug abuse was significantly more prevalent in untreated than in treated patients (P =.01).
Untreated patients were also significantly more likely to miss clinic visits than treated patients; the proportion of no shows out of total clinic visits was 25% ( AE 17%) for untreated patients, versus 16% ( AE 14%) for treated patients (Po.0005). However, untreated patients were not significantly more likely to attend the clinic on a ''walk-in'' basis than treated patients; the proportion of MD visits that were unscheduled walk-in visits was 14% ( AE 19%) for untreated patients versus 10% ( AE 12%) for treated patients (P =.07).
Multivariate Analysis
After controlling for 2 measures of disease severity (viral load and hepatic enzyme abnormalities), the following variables remained independently associated with treatment status in logistic regression models: married status (aOR for treatment 2.79, 95% confidence interval [CI] 1.15 to 6.76, P =.02), female gender (aOR 0.31, 95% CI 0.12 to 0.79, P =.01), current alcohol abuse (aOR 0.08, 95% CI 0.02 to 0.35, P =.0008), and the ratio of no-shows to total clinic visits (aOR per increase of 1.0 in the ratio 0.005, 95% CIo0.001 to 0.14, P =.002) ( Table 2) . Current and past non-alcohol drug abuse and the presence of a major psychiatric disorder were not independently associated with treatment status.
PCP-Identified Reasons for Untreated Status
For the 151 untreated patients, we reviewed all clinic notes over the preceding 2 years to identify PCP-documented reasons for why the patients had not been treated (Table 3) majority of these patients (98 of 151), clinic note review was augmented by 1-on-1 interviews with the patients' PCPs. The most common reasons provided by PCPs for why patients were not treated included: past and present substance abuse (22.5% of patients-including 9.9% with past and 12.6% with current substance abuse); patient preference against being treated (16%); psychiatric and medical comorbidity (15.2% and 7.9%, respectively); delays in obtaining input from a specialist (11.9%); and loss to follow-up (7.9%). For 20 patients (13.2%), no reason not to treat was identified by the PCP.
DISCUSSION
In our cross-sectional, clinic-based analysis of HCV infection, we found that only 27% of viremic patients receiving primary care at an academically affiliated community health center had undergone treatment. The cohort as a whole was predominantly middle-aged, white, unmarried, and disadvantaged (e.g., often unemployed and not covered by private health insurance). Significant predictors of not being treated included unmarried status and female gender as well as current alcohol abuse and suboptimal clinic attendance behavior. Among the untreated patients, PCPs identified past or present substance abuse, patient preference, psychiatric and medical comorbidity, and delays in obtaining specialist input as the principal reasons why their patients did not receive antiviral therapy. Of the 259 patients initially identified as having an anti-HCV antibody by Enzyme Immunoassay (EIA) test, only 208 patients (80% of the total) had a positive viral load and were thus included in the study. This 20% ''false-positive rate'' is high compared with the 3% to 10% seen in studies of patients referred to specialized hepatitis C clinics, 6, 7 and is higher than the rate of 14% reported in a primary care-based study of HCV patients in Rochester, Minn (in which a recombinant immunoblot assay (RIBA) was used instead of the HCV viral load as the confirmatory test), 8 although it is lower than the rate of 26% reported in the NHANES III, a survey of unselected U.S. households. 1 There are several possible sources of ''false-positive'' antibody tests, including true clearance of the HCV virus (which can occur in up to 15% to 25% of patients who initially contract HCV infection 2 ) and a false-positive EIA Test. Because few of our patients underwent confirmatory antibody testing with the more specific RIBA antibody assay, we could not distinguish between these possibilities. However, because of the relatively low pretest probability of HCV infection in our primary care population, the number of false-positive EIAs in our sample may indeed have been high. Indeed, the 208 patients with confirmed HCV infection represent only 1.3% of our total adult clinic population of approximately 16,000-a proportion consistent with the prevalence of viremic HCV infection in the general U.S. population estimated in the NHANES study.
1 Thus, our findings provide further support for the 2004 U.S. Preventive Services Table Force (USPSTF) guideline recommendation against routine screening for HCV infection in asymptomatic adults in the general population. 15, 16 The clinical predictors and PCP-identified barriers to HCV treatment identified in our study suggest that obstacles to treatment exist at the level of patients, providers, and the system as a whole. Patient barriers included their own preference against treatment, ongoing alcohol abuse, and poor follow-up behavior. Although providers cited medical and psychiatric comorbidity as barriers to treatment, these variables did not significantly correlate with treatment status in our analysis. A tendency not to treat patients with a past history of substance abuse may have represented a provider-level barrier; there was no evidence of treatment disparities based on age, gender, ethnicity, employment status, use of methadone maintenance, or a history of incarceration. On the system level, providers cited delays in communication with specialists as a significant reason why patients were not treated, whereas type of insurance (private vs ''safety net''-i.e., Medicaid, Medicare, Massachusetts Free Care, or Self-Pay) did not appear to influence treatment status.
Some experts have argued that the percentage of treated patients should be low given the arduous nature and cost of current treatment protocols. 17 Moreover, there are a number of medical and psychiatric conditions that are absolute or relative contraindications to IFN/ribavirin treatment, including significant anemia, current alcohol use, active coronary artery disease, active autoimmune disease, pregnancy, diabetes, and suicidal or psychotic depression. 2, 4, 13, 18 We estimate that slightly over one-third of our untreated cohort had appropriate ''barriers'' to treatment, defined as current substance abuse (12.6%), psychiatric comorbidity (15.2%), or medical comorbidity (7.9%). Interestingly, there was no difference between treated and untreated patients in the frequency of HCV genotype 1 relative to the other genotypes, despite the fact that genotype 1 infection requires a longer duration of treatment and has lower virologic response rates than the other genotypes 3, 5, 13 -data that have made genotype 1 infection a significant barrier to completing treatment in other populations. 6 For the remaining two thirds of untreated patients, barriers to treatment may be at least partially surmountable. As seen in a recent survey of injection drug users in Rhode Island, 19 patient reluctance is a difficult barrier to overcome but may be amenable to systematic patient outreach, education about treatment, and a supportive treatment program. Similarly, poor follow-up may respond to frequent visits, collaboration with nurses or case managers, or a system of directly observed therapy, as has been seen with tuberculosis and HIV treatment. 20, 21 The common bias against treating past (nonalcohol) substance abusers may reflect prior national guidelines, which recommended excluding such patients from treatment until they had been abstinent for at least 6 months 22 ; while the appropriateness of treating such patients has continued to be debated, 17, 23 the feasibility of treating past and even current opioid abusers has been suggested in small trials, 10, 11 new data that have been acknowledged in the most recent NIH guidelines. 13 The delays associated with specialist referral qualitatively included delays in getting to the specialist's office (determined both by waiting times and by patient no-shows) and the time taken by the specialist to decide whether a patient was appropriate for treatment; such delays were likely enhanced by the fact that at our institution, the locus of HCV treatment is generally at a specialized hepatology clinic located at the main hospital, a significant distance away from the health center. Such delays may be overcome by establishing closer collaborations between hepatologists and primary care doctors, or, when feasible, moving HCV treatment into the primary care setting, as has been piloted. 24 Finally, our data suggest that 13.2% of the untreated patients (20 patients) had no identifiable barriers to treatment. Clinic-based registries of all HCV-positive patients may represent one
